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INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION
Long-term PPI therapy is suggested to be the best treatment for gastro-esophageal reflux disease. Administration of PPI causes profound and continuous hypochlorhydria by selective inhibition of the proton pump (H + /K + -ATPase) in gastric parietal cells [1] . It has been shown in animal studies that long-term omeprazole treatment reversibly increases epidermal cell proliferation and suppresses its differentiation in rats [2, 3] . Apoptosis normally plays a role complementing proliferation and is also considered to be essential for the maintenance of gastro-intestinal homeostasis and health [4] . Disturbance in the balance between these two processes may predispose to either cell loss with mucosal damage or cell accumulation and cancer development [5] . However, several studies have investigated the effects of omeprazole on gastric mucosa, but there is no information available about the effect of the first single-isomer, esomeprazole, on gastric epithelial cell proliferation, apoptosis, p53-and EGFR expression.
The proliferating cell nuclear antigen (PCNA) technique is an accepted method for measurement of cell proliferation. PCNA is the co-factor of DNA-polymerase and can be detected mostly in the late G 1 and S phases, but it is also present in every phase of the cell cycle.
The terminal deoxynucleotidyl (TdT)-mediated deoxyuridinetriphosphate (dUTP) nick end labelling (TUNEL) method has been accepted for the detection of apoptotic cells [6] . Abnormalities in p53 expression represent the most common molecular change not only in cancer, but also in precancerous gastric lesions, including gastric dysplasia [7, 8] . An increased wild-type p53 expression may also represent a cellular response to DNA damage. Epithelial growth factor (EGF) is a potent mitogenic peptide, which plays a crucial role in promoting gastric epithelial cell migration, proliferation and differentiation. The increased local production of EGF leads to over expression of EGFR [9] [10] [11] . The aim of the present study was to measure the cell turnover (cell proliferation and apoptosis), p53-and EGFR expression by immunohistochemistry in gastric biopsy samples during long-term omeprazole and esomeprazole treatment.
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Patients
To analyze the effect of PPI therapy on cell kinetics pattern of the gastric mucosa, we studied patients with gastroesophageal reflux disease. A total of 26 patients (14 males and 12 females, mean age 46.2±16.5 years) took part in the study. All patients gave written informed consent.
Biopsies were taken in each subject during upper endoscopy from the antrum (lesser curvature, 3 cm from the pylorus). Additional biopsies were taken during endoscopy for the histological evaluation of their Helicobacter pylori (H pylori) status [12] . Patients were treated in an open label study continuously with omeprazole (20 mg/d) or esomeprazole (40 mg/d) for 6 mo. Fourteen patients were on omeprazole and 12 patients on esomeprazole therapy.
Patients did not receive any other medication known to affect the gastric mucosa, but stable medication for hypertension or other diseases such as hypercholesterinemia, non-insulin dependent diabetes mellitus, etc. was allowed.
Patients were classified by the Los Angeles classification (15 patients had grade A, and 11 had grade B). None of the patients had Los Angeles grades C, D, or Barrett esophagus. Exclusion criteria were active H pylori infection and presence of intestinal metaplasia, since it has been established in previous studies that gastric epithelial cell proliferation is enhanced, if intestinal metaplasia or H pylori infection is present [13] [14] [15] . Since histology may miss initial focal microscopical lesions of intestinal metaplasia, small intestine mucus antigen (SIMA) and large intestine mucus antigen (LIMA), each indicates intestinal metaplasia in the gastric biopsy samples, were measured by immunohistochemical technique in all samples. To exclude H pylori infection, in addition to histology, both rapid urease test during endoscopy and urease breath test were performed.
Biopsies taken at 0 and 6 mo in both the omeprazoleand esomeprazole-treated groups were assessed.
Neither patients treated with omeprazole nor patients on esomeprazole therapy had endoscopic changes in the stomach or duodenum or H pylori infection when biopsy was taken. No intestinal metaplasia was found in the samples.
For immunohistochemistry, all biopsy specimens were fixed in buffered formalin and embedded in paraffin. Four micron thick sections were cut and mounted on glass slides.
Proliferation-PCNA immunohistochemistry
The four micron thick tissue sections were dewaxed and rehydrated. Antigen unmasking was carried out in citrate buffer pH 6.0 by microwave heat treatment (3 min 750 W and 3 min 370 W), and samples were cooled down in PBS for 20 min. Endogenous peroxidase activity was blocked by incubation for 30 min at room temperature in 3% hydrogen peroxide. After being washed thrice in PBS for 3 min, the slides were incubated with optimally diluted PCNA antibody (Clone: PC10, DAKO) for 15 min at room temperature in a humidified chamber. After being washed thrice in PBS, signal conversion was carried out with the LSAB2 system (DAKO: K0672) as described in the manual. Hematoxylin co-staining was done.
Apoptosis-TUNEL immunohistochemistry
After deparaffinization in xylene and rehydration through graded ethanol, antigen unmasking was carried out in citrate buffer pH 6.0 by microwave heat treatment (5 min 750 W), and samples were cooled down in PBS for 20 min. Samples were digested with nuclease free proteinase K for 20 min at room temperature. After being washed twice in PBS, samples were covered with 30 µL TUNEL dilution label and 50 µL TUNEL reaction mixture (5 µL Tdt enzyme solution and 45 µL dUTP label solution). Samples were incubated for 120 min at 37 in a dark humidified chamber. After being washed thrice in PBS, endogenous peroxidase activity was blocked by incubation for 30 min in 3% hydrogen peroxide at room temperature in a dark humidified chamber. After being washed twice in PBS, non-specific blocking was carried out with 1% BSA-PBS solution for 10 min at room temperature in a dark humidified chamber. After redundant BSA was removed with pipette, samples were covered with 50 µL converter-POD antibody and incubated for 60 min at 37 in a dark humidified chamber. After being washed thrice with PBS, 50 µL DAB solution (5 µL DAB substrate and 45 µL peroxide buffer) was added to each sample and signal conversion was checked by light microscopy. Finally, haematoxylin co-staining was done.
P53 immunohistochemistry
The four micron thick tissue sections were deparaffinized in xylene, rehydrated through graded ethanol. Antigen unmasking was carried out by microwave heat treatment (samples in plastic jars containing citrate buffer pH 6.0 were put into a preheated (95-99 ) plastic water bath and heated with 500 W for 15 min), and samples were cooled down in PBS for 20 min. Endogenous peroxidase activity was blocked by incubation for 30 min at room temperature in 3% hydrogen peroxide. After being washed thrice in PBS for 3 min, the slides were incubated with optimally diluted p53 antibody (Clone: DO-7, DAKO) at 37 for 30 min in a humidified chamber. After being washed thrice in PBS, signal conversion was carried out with the LSAB2 system (DAKO) as described in the manual. Hematoxylin co-staining was done.
EGFR immunohistochemistry
After deparaffinization, antigen unmasking was carried out by nuclease free proteinase K digestion for 20 min at room temperature. After being washed twice in PBS, endogenous peroxidase activity was blocked by incubation for 30 min at room temperature in 3% hydrogen peroxide. After being washed thrice in PBS for 3 min, non-specific blocking was done with 1% BSA-PBS solution for 10 min at room temperature. Then, the slides were incubated with diluted EGFR antibody (1 µL EGFR antibody and 40 µL PBS) (Clone: H-11, DAKO) at 37 for 60 min in a humidified chamber. After being washed thrice in PBS, signal conversion was carried out with the LSAB2 system (DAKO) as described in the manual. Hematoxylin co-staining was done.
Counting
Known immunohistochemically-positive tissue sections were used as positive controls, and negative control sections were processed immunohistochemically after the primary antibody was replaced by PBS. None of these control sections exhibited immunoreactivity.
Axially, at least 800 (mainly 1 000) crypt epithelial cells within well-oriented crypts were counted in each sample under light microscope (40X objective). The labelling index (LI) was defined as a percentage of the positive nuclei over the total nuclei counted. The evaluation of staining intensity (i.e. number of positive cells) for PCNA, TUNEL, p53 and EGFR was performed by two investigators independently, without knowledge of the histology and the results of the other investigator. There was less than 5 % variance between the results of two counts.
SIMA, LIMA immunohistochemistry
The four micron thick tissue sections were dewaxed and rehydrated, reacted with anti-SIMA and -LIMA mAbs, stained by indirect immunoperoxidase methods, and counterstained with hematoxylin, including appropriate controls. The deparaffinized sections were blocked with 5% BSA (diluted in PBS) for 5 min, drained and incubated with the diluted mouse antibodies for 20 min. After two 5-min washings with PBS, the sections were covered with horseradish-peroxidase-labelled rabbit anti-mouse immunoglobulin (Serotec, UK), then washed twice for 5 min with PBS. Sections from all blocks were also stained with hematoxylin-eosin (H&E) for 2-10 min.
The immunoperoxidase-stained slides were then viewed under a light microscope, and assessed under code, by two observers. Scores of 0-3 were assigned to intensity of reactivity (weak, 1; moderate, 2; strong, 3) and distribution (restricted, <25% positive, 1; patchy, 25-75%, 2; and diffuse, >75%, 3) for each of the antibodies, in serial sections of specimens. 
Statistical analysis
RESUL RESUL RESUL RESUL RESULTS TS TS
TS TS Proliferation index, apoptosis, p53-and EGFR expression prior to and after 6 mo of omeprazole or esomeprazole therapy are shown in Tables 1 and 2 , respectively. There was no difference between the effects of omeprazole and esomeprazole therapy on gastric epithelial cell kinetics (Figure 1 ). There was no statistically significant difference in any of the investigated parameters between the samples taken at the beginning and those taken after 6 mo of PPI treatment. Cell parameters were not significantly affected by age and sex (data not shown).
Although there was a trend towards increase of cell proliferation and EGFR expression in both omeprazoleand esomeprazole-treated groups, the difference was not statistically significant.
We found alterations only in the localization of immunohistochemical staining density prior to and after PPI therapy.
In a non-affected normal gastric mucosa, the greatest density of PCNA positive cells was found in the neck cell compartment (Figure 2 ). The greatest increment in cell Esomeprazole proliferation in response to PPI therapy, occurred in the gland compartment of the gastric mucosa. The increase was limited to the deepest portions of the crypts (Figure 3 ). In both, prior to and after PPI administration, parietal cells did not express PCNA.
In a non-affected normal gastric mucosa, positive EGFR immunoreactivity was observed in parietal cells and mucous neck cells of the gastric fundic glands. EGFR was localized to the basolateral cell membrane, but not to the apical luminal membrane (Figure 4) . After PPI administration, a strong positive EGFR immunoreactivity was observed at the basolateral membrane, in cytoplasm and supranuclear area of mucosal cells ( Figure 5A ). Positive EGFR expression was also found in some parietal cells (in cytoplasm and plasma membrane), but it was generally weaker compared to the neck cells ( Figure 5B) .
No dysplasia was observed after 6 mo of follow-up in any of the patients receiving either omeprazole or esomeprazole therapy.
DISCUSSION DISCUSSION DISCUSSION DISCUSSION DISCUSSION
Maintaining cell turnover is a key feature in organs with high metabolism such as the gastric mucosa. Higher cell turnover may lead to tumor formation while the suppressed state results in ulcer development [4] . Omeprazole-induced potent acid suppression may lead to sustained and profound hypochlorhydria, which is often associated with hypergastrinemia [16] . In majority of animal studies, it has been shown that long-term omeprazole treatment reversibly increases epithelial cell proliferation and suppresses its differentiation [2, 3] . In other studies, however, neither cell proliferation is higher [17, 18] , nor increased gastrinoma or other tumor formation is observed during long-term PPI treatment [19] . Additional data suggest that gastrin enhances growth of normal and malignant colonic cells in vitro and may be linked to the development of colorectal cancer [20] [21] [22] [23] [24] . On the other hand, animal and clinical studies do not support the role of omeprazole-induced hypergastrinemia in gastro-intestinal neoplasia development [25, 26] and no increased incidence of colon cancer has been found in patients with either pernicious anemia or gastrinomas [27] [28] [29] . The risk of hypergastrinemia induced by long-term PPI therapy is still ambiguous and of concern to many clinicians.
This study analyzed the gastric epithelial cell kinetics in patients with gastro-esophageal reflux disease during longterm PPI treatment using immunohistochemical techniques. We investigated the effect of two different proton pump inhibitors: omeprazole and esomeprazole.
Although esomeprazole has a higher bio-availability than omeprazole and provides more pronounced inhibition of acid secretion compared to all other clinically available proton pump inhibitors, we found no difference between these drugs in terms of their effects on the gastric epithelium.
Our results confirmed the previous observations [17, 18] that cell proliferation is not significantly altered during long-term PPI therapy. Although there was a trend towards increase of both cell proliferation and EGFR expression, the difference was not statistically significant. Previous studies have indicated that PCNA positive cells are nearly always positive for EGFR [10] . The accompanied increase of EGFR expression to a higher PCNA activity in this study has therefore been expected.
The fact that the trend towards increase in gastric cell proliferation and EGFR expression is not accompanied with a parallel increase in apoptosis and p53 expression also supports the conclusion that there is no significant change in cell turnover during chronic administration of any PPI. No dysplasia or neoplasia was observed in any of the samples obtained during this study.
In the present study, in a non-affected normal gastric mucosa, positive EGFR immunoreactivity was identified in the mucous neck cells and parietal cells of the fundic glands, and the staining was localized only on the basolateral cell membrane, which is in agreement with previous studies [3, 11] . Gray et al. [3] , suggested that the greatest increment in cell proliferation in response to the increased gastrin drive occurs in the gland compartment of gastric mucosa. Our findings have confirmed their observations. After long-term PPI administration, we observed the greatest increase in PCNA positive cells mainly in the gland compartment. Although there is a proportionally greater increase in proliferation in the gland compartment compared to that in the mucous neck cell compartment, the neck cell compartment remains the main source of new cell formation.
Several studies have shown an intense EGFR expression during ulcer healing [10, 11] . In our study, after administration of PPI a strong positive EGFR immunoreactivity was observed predominantly in some mucous neck cells of the proliferative zone compared to the weaker staining density in parietal cells. The EGFR immunoreactivity was localized not only on the basolateral membrane of these cells, but also appeared in cytoplasm and supranuclear area.
EGFR is a good immunohistochemical marker for the detection of altered gastric epithelial cell function. The presence of EGFR on cells of the proliferative zone clearly indicates that they are the targets for the proliferationstimulating action of EGF.
Parietal cells express EGFR but not PCNA. Presence of EGFR in the parietal cells is not associated with cell proliferation, but is consistent with a potent inhibitory action of EGF on gastric acid secretion.
We demonstrated that long-term PPI treatment did not significantly increase gastric epithelial cell proliferation and EGFR expression and had no effect on apoptosis and p53 expression. We found alterations only in the localization of immunohistochemical staining density during chronic PPI administration.
Our results have confirmed the previous observations that cell proliferation is not significantly altered during longterm PPI therapy. In addition no alterations in cellular response and no disturbance in the balance between cell proliferation and apoptosis are found, the maintenance of gastro-intestinal hemostasis is ensured and there is no risk for progression of hyperplasia to dysplasia in patients during chronic PPI administration.
These data suggest that 6-mo treatment with proton pump inhibitors is not associated with cell proliferation abnormalities of the gastric antral mucosa, which is a further argument for the safety of PPIs.
